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Modified antiviral peptides with increased activity and cell membrane affinity ~ 
DESCRIPTTOTV 

* " D re, T * C ° mPOUndS <™* «» P^cular increased 

ctaT, r to ^ ^ «"* ° n " °« ° f * — *» 

enable of ceU membrane interaction and/or crossing. 

Background 

Multiple brar^b peptide contatiuctions (MBPCs) comprise a core mauix to which small 
peptides are bonded. The core matrix is a dendritic polymer which is branched in natiT 
» w* each of the branches thereof bein g identical. Although other core molecul^ 
ZZT T"" fS ^ «- — - > - W» up feom a 

T : ^ ** ro °' ° f *» ^ TW ° ^duea are 

bonded to me cential lysine residue, each through its carboxy. group to a different one of the 

ammo groups of the cential .ysine residue. This provides a molecule with four amino groups 

wbmh may * tire core matiix for an MBPC having four peptides. Ahernatively by 

further four lysme residues, each through its carboxy, group to a different one of the said four 

ammo groups, one can provide a molecule with eight branches. This molecule can serve as the 

core maurx Tor an MBPC having eight peptides or can alternatively receive eight lysine 

restdues ur the manner described above to form a core matrix for an MBPC having sbZ 

«*x . form me MBPC. The peptide* may be the same, which is preferred, or may be 
d^en. from one soother. The resulting molecule has a clusfer of peptides a, the surface and 
an mtenor core matnx which is notpresented and is therefore not antigenic. 

Spacers may, if desired, be included between * peptides, and tire core matrix.'^ carboxyl 

expound sue h as p-alamne (p-aminopropionic acid). Peptides can include D or X-amino acid 
" ""J "* ^ «» *» are harder for peptidase to cut, but 

l r 10 r ^ ve ^ More ° ver ' ^ « — — 

I* ."*- ° f *^ ** «» -CONH- peptide bonds, can be 

employed m piace of peptides. Thus, it shouid be uudersfeod that references to peptides 



herein may also be taken to include peptide analogues. It is believed that peptide analogues 
will be more resistant to peptidase and last longer in vivo. If the peptide is too long, the 
MBPC will become antigenic. It is therefore desirable that each peptide should have not more 
than ten, and preferably not more than nine, amino acid residues. 

MBPCs for use in the treatment of HTV infections were first described by J-M. Sabatier et al 
, in WO 95/07929. The MBPCs described therein have peptides which contain the sequence 
GPGR (from the V3 loop of the surface envelope glycoprotein gpl20 of HTV) preceded by 
from 0 to 4 amino acid residues and succeeded by from 2 to 4 amino acid residues. The amino 
acid sequences IGPGR and IXXGPGR (where X is an amino acid residue) are excluded. The 
most preferred of these MBPCs has a lysine residue core with eight peptides GPGRAF 
bonded thereto. It may be represented as (GPGRAF) 8 -K4-K 2 -K-pA-OH, the OH terminal 
indicating the carboxyl group of the p-alanine. That carboxyl group may alternatively be 
modified to form a carboxamide terminal. This compound is referred to herein as SPC3 . 

In WO 98/29443, J-M Sabatier et al described further MBPCs which may be effective in the 
treatment of HTV infection. These use peptides derived from the HTV envelope 
transmembrane glycoprotein gp41. The peptides contain the sequence RQGY preceded by 
from 0 to 4 amino acid residues and succeeded by from 2 to 4 amino acid residues. The most 
preferred of these MBPCs has a lysine residue core with eight peptides RQGYSPL bonded 
thereto. It may be represented as (RQGYSPL) 8 -K4-K 2 -K-pA-OH, the OH terminal indicating 
the carboxyl group of the P-alanine. That carboxyl group may alternatively be modified to 
form a carboxamide terminal. This compound is referred to herein as RL, although it has in 
the past also been referred to as SPC RL and as RL41 . 

Subsequently, to WO 98/29443, it was established that the MBPC (RQGYSPL) 2 -K-pA 
(hereinafter RL dimer) is effective but that the MBPC (RQGYSP) 2 -K-pA is less so. This was 
thought to confirm the lower limit of 6 amino acids in the peptide branches of the MBPCs. 
However, K Mabrouk et al showed in PCT/EP03/04353 that some shorter peptides could be 
used, in particular (RQGYS) 2 -K-PA-OH (hereinafter RS, but in the past also referred to as 
Short RL) and (RQGY] 8 -KU-K 2 -K- pA-OH. 



^ ^ b0til W 8 bra " ches *» d are described as octomers. RS has two branches and 
is descnbed as a dimer. None of the monomers, that is the linear peptides GPGRAF 
RQGYSPL and RQGYS, has ever shown any activity. 

Anti HTV agents such as SPC3 and RL have been shown to block the fusion step of retroviral 
mfectxon through direct interaction with cell membrane receptors; other anti fusion agents 
such as enfuvirtide and T-1249 (Trimeris lac) interact directly with the viral envelope 
glycoproteins. The activity of the latter depends on the structure of such glycoproteins, and 
therefore on the viral strain. Ultimately, molecules that interfere directly with viral 
glycoproteins will lead to the selection of resistant strains. On the contrary, molecules which 
are able to block cell membrane receptors should not lead to viral selection, as all strains will 
be similarly inhibited. 

Cell receptor blocking HIV inhibitors may interact with the surface of such receptors (for 
tnstance CxCR4 or CCR5) but also with intra mentbmne components of said recites, or 
even with sub-membrane sites or events. 

As an example, SPC3, which is an extremely water-soluble peptide, has an anti HTV activity 
m vitro on C8166 cultured cells as well as on peripheral blood lymphocytes (PEL) and on 
macrophages. B de Rouge" in WO 99/34777 showed that this activity is increased 5 to 50 
tunes when SPC3 is associated with certain- types of liposomes, probably because of better 
mteraction with cell membranes. However, SPC3 is a polymerized peptide of 56 amino-acid 
residues. Its association with liposomes is difficult and the yield is not perfect, leading to cost 
increases as well as technical risks. Other means of improving the efficacy of molecules like 
SPC3 have therefore been sought 

The invention 

The invention provides a compound 'comprising a water soluble antiviral peptide including 
one.of the sequences GPG and RQGY and, bonded to the C-end of the peptide, a terminator 
which is either (a) an ^amino-fatty acid having from 4 to 10 carbon atoms and from 0 to 2 
carbon-carbon double bonds or (b) a peptidic cell membrane penetrating agent 



The antiviral peptide may be an MBPC with a lysine core matrix. In such a case the 
terminator is bonded to the root lysine residue. The MBPCs described above may be used, 
that is to say SPC3 which has 8 branches of GPGRAF, RL which has 8 branches of 
RQGYSPL and RS which has 2 branches of RQGYS. However, the improvement resulting 
from the bonding of the terminator to the C-end of the antiviral peptide is so great that SPC3 
and RL can be reduced to two branches (SPC3 dimer and RL dimer, respectively), or even to 
one branch (SPC3 monomer and RL monomer, respectively), while RS may also be reduced 
to one branch (RS momomer). Further work has even indicated that SPC3 monomer 
(GPGRAF) may be shortened to GRGRA, GPGR or GPC. As tbese are much smaller 
molecules, they are much easier and cheaper to make and are preferred for that reason. 

The co-amino-fatty acid is preferably saturated. Longer chains than 10 carbon atoms are 
unnecessary as the effect is obtained with less, and longer chains may be too lipidic. The 
preferred length is from 4 to 8 carbon atoms, and more preferably from 4 to 6 carbon atoms. 
The most preferred co-amino-fatty acids are y-aminobutyric acid, 6-aminovaleric acid and e- 
aminocaproic acid. 

The peptidic cell membrane penetrating agent is suitably a TAT-derived peptide, penetratin® - 
or Kpam, although other peptides may also be suitable. 

Experimental 

We first synthesized SPC3 octomers, with the graft of saturated fatty acid chains of 
increasing length, from 4 to 8 carbons, on the core lysine residue; and SPC3 octomers with 
three different peptide chains on the lysine residue: a TAT-derived peptide, penetratin, and 
Kpam peptide, all reported to enhance membrane penetration and crossing. We tested the 
above molecules on C8166 cells infected with NL 4-3 fflV strain, then on PBL with the same 
strain. Results are shown in Tables 1 and 2. 

When positive results were observed, further attempts were made to test whether the graft of 
membrane affinity chains on the water soluble peptides could allow for a reduction in their 
size without losing efficacy (SPC3, RL and their derivatives are polymers, often octomers, of 
small peptides; the monomers have been shown to be inactive), with a view of cost- 
containment. To this end we synthesized monomers and dimers of the sequences of SPC3, RL 



and RS, with the addition of the preferred grafted sequence, and tested them on C8166, PBL 
and PBMC. Results are shown in Tables 3 to 5. 

We also synthesized shortened peptides related to SPC3 monomer, which is GPGRAF in 
particular GRGRA, GPGR and GPG and tested these with a 8-aminovaleric acid terminator 
These were tested twice, 8 days apart, on C8166 cells against HIV-1 NL 4-3 (results are 
shown in Tables 6 and 7) and on C8166 cells against HIV-1 NDK (results are shown in Table 
8). 

Whilst the experiments conducted so far are in vitro, it is expected that the modifications 
made in this invention will lead to better availability of the compounds in the lymphatic 
system in vivo. 

Test Methods 

Cells and viruses. 

HIV-1 NL 4-3 isolate (Adachi et al.,1986 ; Barre-Sinoussi et al.,1983) and highly cytopathic 
Zaman HTV-1 NDK isolate (Ellrodt et al.,1984) was propagated in permissive CEM cells 
(Nara et al.,1987). Uninfected CEM and C8166 ( Salahuddin et al.,1983) were maintained in 
RPMI 1640 (RIO) with ulttaglutamine (cambrex, Vervier, Belgium), penicillin (100 U/ml) 
streptomycin (lOOug/ml), and 10% heat- inactivated fetal calf serum ( Cambrex). 

Peripheral blood lymphocytes from an HTV-1 negative donor were grown as described earlier 
mamtained in RPMI 1640 with mttaglutamine, supplemented with IL2 (20 ug/ml), penicillm 
(100 U/ml), streptomycin (lOOug/ml), and 10% heat- inactivated fetal calf serum. Cells were 
stimulated three days in the medium supplemented with phytohemagglutinin (20 U/ml PHA 
P, DIFCO, Detroit MI). 

HIV-1 infection of C8166 cells 

Samples of 3 x 10 5 /100 uL C8166 cells were preincubated in 96-well microtiter plates in 
culture medium containing various concentrations of peptide. After a 1 h treatment at 37°C 
100 ul of diluted viral solution of HIV-1 was added. The cells were exposed to the virus for 1 



h at 37°C at a multiplicity of infection of 1000 TCED50 per ml. The cells were washed three 
times and cultured at 3 x 10 s /ml of RIO with the treatment in 24-well plates incubated at 
37°C. C8166 culture medium was replaced atDay-4 post-infection. The Ireatment was 
permanent before virus adsorption, during virus adsorption and after infection. Assays on 
C81 66 cells have been performed at least twice' and in duplicate. Toxicity was evaluated by 
daily cell count and trypan-blue exclusion assay. Infection of C8166 T-cells with HTV-1 was 
assessed by virus-induced cytopathic effects (syncytia formation) and by quantification of cell 
free p24 viral protein in the culture supernatants. Measurements of HTV-1 p24 gag 
concentration in the culture supernatants were achieved by ELISA ( ALLIANCE® HTV-1 p24 
kit, Perkin Elmer, life sciences, USA). 

Infection of human peripheral blood lymphocytes (PBL) 

Samples of 10 6 /100 uL PBL cells were preincubated in 96-well microtiter plates in culture 
medium containing various concentrations of peptides. After a 1 h treatment at 37°C, 100 ul 
of diluted viral solution of HTV-1 was added. The cells were exposed to the virus for 1 h at 
37°C at a multiplicity of infection of 1000 TCED50 per ml. The cells were washed three times 
and cultured at 110 6 /ml of medium with me Ireatment in 24-well plates incubated at 37° in 
culture medium with the peptides in 5% C02.The treatment was permanent before virus 
adsorption, during virus adsorption and after infection. The PBL culture medium was replaced 
every 3-4 days during three weeks always in the presence of peptide. The cell viability was 
assessed by cell counts and trypan-blue exclusion assay. The viral production in the culture 
supernatant was quantified by p24 ELISA test, as described earlier. All the experiments have 
been done in blind-tests. Tests have been done in duplicate. 

Results 



Table 1 

Experiment on C8166 cells with HIV-1NL-4-3 
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Key 

S 1 : SPC3-(ri-aminocaprylic acid) S4 SPC3-(e-aminocaproic acid) 

S2: SPC3-Penetratin S5: SPC3-(8-aminovaleric acid 

S3: SPC3-Tat S6: SPC3-(Y-aminobutyric acid) 



++> +, (+), (+)- and - represent decreasing numbers of syncitia formed 
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Antiviral Activity Experiment on C8166 cells with HWNL-4-3 
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Table 2 (continued) 




S1-S6 as above, S7: SPC3-Kpam 
++. +. (+), (+)- and -represent decreasing numbers of syncitia formed. 

All tested analogues showed an increased activity as compared to 
fold). 

Similar results were obtained on PBL : 
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The above table shows that the graft of a valeric acid root on monomers of the peptides RL 
and SPC3 increases their activity on C8166 cells. Ia the case of SPC3, the activity becomes 
greater than that of the original polymerized peptide. 
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Experiment on PBL with NL 4-3 strain 
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The results show that monomers or dimers of the original peptides have an activity 
comparable to that of the octomers. SPC3 monomer valeric acid has an ICioo of O.luM, as 
compared to 2um for normal SPC3, and 0.5 uM for SPC3 valeric acid. This is of importance 
as SPC3 contains 56 amino-acid residues, whereas the monomer contains only 6. 
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Experiment on PBMC with HIV-1 89. 6 subtype B dualtropic (X4R5) 
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Table 6 



Antiviral Activity Experiment on C8166 cells with HIV NL-4-3 
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Table 6 (continued) 
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ctivity Experiment on C8166 cells with HIV NL-4-3 
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Table 7 (continued) 
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Antiviral Activity Experiment on C81 66 cells with HIV 1 NDK 
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Table 8 fcontinuej) 
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++ 
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+ 
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- 




+ 
+ 
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++ 
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- 




+ 


++ 
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+ 
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++ 
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3810 
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- 
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- 
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+ 


++ 
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- 
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(+) • 


-H- 
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| 0.05jxM 
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++ 
++ 


++ 
++ 
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(+) 
(+) 




+ 
+ 


++ 
++ 
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++ 
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+ 
+ 


++ 
++ 
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++ 
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+ 
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+ 
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2403 
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- ] 


++ 
++ 


++ 
++ 
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(+) 


++ 
++ 


-H- 
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9310 
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(+) 1 
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++ 
++ 


++ 
++ 
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(+> 
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+ j 
+ 


++ 
++ 


++ 
++ 
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(+> 
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+ 
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++ 
++ 


++ 
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I 


- 
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32 
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+ 
+ 
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++ 
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(+) 


++ 
++ 
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++ 
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Table 9 

Antiviral Activity Experiment on C8 166 cells with HIV-J subtype B NL4-3 









warn 


GPG 


GPG 


0.01 
0.01 


5 
5 


GPG valeric acid 


GPG-NHCH 2 CH 2 CH2CH 2 COOH 


0.01 
0.01 


0.5 
1 


VJ-L VJXV 


GPGR 


0.06 

f\ 1 


5- 
>5 


GPGR valeric acid 


GPGR-NHCH 2 CH 2 CH 2 CH 2 COOH 


0.03 
0.01 


5 
1 


GPGRA 


GPGRA 


0.03 . 
0.02 


0.5 
>5 


GPGRA valeric acid 


GPGRA-NHCH 2 CH 2 CH 2 CH 2 COOH 


0.01 
0.01 


0.1 
1 


SPC3 monomer valeric acid 


GPGRAF-NHCH 2 CH 2 CH 2 CH 2 COOH 


0.05 


5 


SPC3 


(GPGRAF) 8 -K4-K 2 -K-NHCH 2 CH,COOH 


0.5 


5 
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GPG 


GPG 


0.5 




GPG valeric acid 


GPG-NHCH 2 CH 2 CH 2 CH 2 COOH 


0.02 


5 


GPGR 


GPGR 


0.5 


>5 


GPGR valeric acid 


GPGR-NHCH 2 CH 2 CH 2 CH 2 COOH 


0.3 


• >5 


GPGRA 


GPGRA 


0.04 


>5 


GPGRA valeric acid 


GPGRA-NHCH 2 CH 2 CH 2 CH 2 COOH 


>5 


5 


SPC3 monomer valeric acid 


GPGRAF-NHCH 2 CH 2 CH 2 CH 2 COOH 


0.2 


5 


SPC3 


(GPGRAF) 8 -K4-K 2 -K-NHCH 2 CH 2 COOH 


0.6 


5 



4 
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CLAIMS 

1. A compound comprising a water soluble antiviral peptide including one of the 
sequences GPG and RQGY and, bonded to the C-end of the peptide, a terminator which 
* exther (a) an co-amino-fatty acid having from 4 to 10 carbon atoms and from 0 to 2 
carbon-carbon double bonds or (b) a peptidic cell membrane penetrating agent. 

2. A compound according to claim 1 in which the peptide is a multiple branch peptide 
construction (MBPC), each branch of which contains the peptide sequence GPG and the 
core of which is formed from lysine residues, and the terminator is bonded to the root 
lysine residue. 



3. A compound according to claim 2 in which each branch of the MBPC is a peptide 
GPGRAF. . 



4 A compound according to claim 1 in which the peptide is a multiple branch peptide 
construction (MBPC), each branch of which contains the peptide sequence RQGY and 
the core of which is formed from lysine residues, and the terminator is bonded to the 
root lysine residue. 

5. A compound according to claim 4 in which each branch of me MBPC is a peptide 
RQGYSPL. ' yy 

J. A compound according to claim 4 in which each branch of the MBPC is a peptide 
RQGYS. 

• A compound according to claim 3, claim 5 or claim 6 in which the MBPC has two 
branches. 



A compound according to claim 3, claim 5 or claim 6 in which the MBPC has eight 
branches. 



A compound according to claim 1 in which the peptide is GPG, GPGR, GPGRA or 
GPGRAF. 
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A compound according to claim 1 in which the peptide is RQGYS or RQGYSPL. 

A compound according to any preceding claim in which the terminator is an ©-amine 
saturated fatty acid having from 4 to 8 carbon atoms. 

A compound according to any preceding claim in which the terminator is an co-amino 
saturated fatty acid having from 4 to 6 carbon atoms. 

A compound according to any preceding claim in which the terminator is 
y-aminobutyric acid, 5-aminovaleric acid or e-aminocaproic acid. 

A compound according to any of claims 1 to 10 in which the terminator is a TAT- 
derived peptide, penetratin® or Kpam. 
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